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Adipose-Derived Stem Cell Morphology and Gene Expression in
Two-Dimensional vs. Three-Dimensional Environments
Caroline Hammond and Matthew Stern
Department of Biology, Winthrop University, Rock Hill, SC
Adipose-derived stem cells (ADSCs) are a population of mesenchymal
stem cells with multipotent differentiation ability. While cells exist in a
three-dimensional environment in vivo, when they are studied in culture,
cells are typically grown on a two-dimensional substrate. More recently,
three-dimensional cell culture systems have become popularized due to
their ability to better replicate in vivo conditions. Three-dimensional cell
culture environments provide cells with the ability to migrate and interact
in ways that are simply not possible in traditional two-dimensional
culture. The purpose of this research was to explore the potential to use
several different three-dimensional culture platforms to better understand
how ADSCs cultured in such systems behave relative to ADSCs cultured
using traditional two-dimensional cell culture. We hypothesized that
ADSCs would take on different morphologies and migrate and interact in
different ways across the culture platforms we employed. Furthermore,
we hypothesized that the expression of the signaling molecule Cxcl12 and
its cognate receptor Cxcr4, which are involve in stem cell migration and
survival, would vary across the culture platforms. We also hypothesized
that we could use our department’s newly acquired cell sorter to obtain
Muse cells–a rare subpopulation of ADSCs with expanded developmental
potency for use in future, related experiments. Our results demonstrate
that ADSCs take on different morphologies across the different culture
platforms. In addition, the different culture platforms differ in their ability
to support the formation of higher ordered three-dimensional structures.
Both Cxcl12 and Cxcr4 were found to be differentially expressed across the
culture platforms. Finally, we succeeded in identifying and sorting Muse
cells. These results set the stage for future experiments aimed at
understanding the importance of Cxcl12-Cxcr4 signaling in stem cells
during developmental and regenerative processes.
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• We verified our ability to identify and sort a subpopulation of
SSEA-3+ cells (putative Muse cells) among cultures of hADSCs.
• We observed differences in mADSC morphology across different
2D and 3D culture conditions. Two of the four conditions
demonstrate the ability of ADSCs to assemble/organize into
higher order 3D structures: toroids and spheroids.
• The results of our gene expression analysis suggest that both Cxcl12
and Cxcr4 are differentially expressed across the various culture
platforms employed in this study.
• These results are limited by our observation that the internal
reference gene chosen for this study, Mrpl19, did not show as
consistent expression across the experimental conditions as we
expected. Therefore an alternative reference gene should be
identified and used for confirmation and in future studies.
• Future work will focus on determining the importance of the Cxcl12-
Cxcr4 signaling pathway in ADSC migration and self-organization as
well as identifying additional differentially expressed genes/proteins
within these culture platforms.
Cells: Murine ADSCs were obtained from iXCells Biotechnologies; human
ADSCs were obtained from Lonza Bioscience.
Muse cell sorting: hADSCs were cultured, harvested, and stained for SSEA-
3 expression according to a protocol provided by Dr. Mari Dezawa. Sorting
was performed at Winthrop on a NanoCellect Wolf Cell Sorter.
Collagen hydrogel culture: Collagen hydrogels consisted of 80% collagen
type I at 3mg/mL, 10% 10X MEM, and 10% HEPES buffer. The pH of the
hydrogel solution was titrated to ~7 with 0.1 M NaOH. For toroid culture,
1 x 105 ADSCs were seeded on top of 100µL hydrogels in 96-well plates.
For mixed-in cultures, 1 x 105 ADSCs were suspended in 100µL gels prior
to/during polymerization.
Spheroid culture: ADSC spheroids were generated using Elplasia spheroid
generator culture plates (below) at a density of 3,000 cells per spheroid.
Gene expression analysis: RNA was isolated from toroid and mixed-in
cultures using a method based on the use of CTAB and alcohol
precipitation. RNA was isolated from 2D (70% or >90% confluence) and
spheroid cultures using the Qiagen RNeasy Plus Micro kit. Reverse
transcription was carried out using Bio-Rad iScript RT Supermix. Real-time
PCR was performed using Bio-Rad Sso Advanced Universal SYBR Green
Supermix with transcript-specific primers on a Bio-Rad CX96 Real-time
PCR system. Data analysis was performed in CFX Manager.
METHODS
Figure 1: Identification and isolation of SSEA-3+ Muse cells from hADSCs via cell sorting. A) Viable ADSCs were
gated on FSC and BSC; arrow shows the population being carried forward. B) Doublets were eliminated based on
FSC height vs. FSC width to ensure only single cells were carried forwarding in the gating strategy. C) Negative
control condition of unstained cells did not detect any fluorescence in the channel/color of interest. D) Negative
control condition of cells stained with only secondary antibody detected minimal fluorescence. E) Positive control
condition of cells stained for the ADSC marker CD73 in the same channel/color of interest showed nearly 100%
positive staining as expected. F) Staining for SSEA-3 reveals a small population of putative SSEA-3+ Muse cells. The
percentage of SSEA-3+ cells (2-3%) is in line with the expected frequency of Muse cells within similarly cultured
populations of hADSCs.
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Figure 2: Culture conditions influence the morphology and organization of mADSCs. A,B) ADSCs
mixed into collagen hydrogels remain dispersed within the gel and fail to form a higher order
structures. D,E) ADSCs cultured on top of collagen hydrogels organize into toroids (donut-like shape).
C) ADSCs in suspended microdroplets organize into spheroids (solid balls). F) Morphology of two-
dimensionally/traditionally cultured ADSCs at high confluence.
Figure 3: Cxcl12 and Cxcr4
are differentially expressed
in 2D and 3D culture
platforms. A) Cxcl12 and B)
Cxcr4 expression of mADSCs
across the culture platforms
shown in Figure 2.
Expression is relative to 2D
cultures at 70% confluence
with Mrpl19 used as the
internal reference gene.
Figure 4: Cxcl12 and Cxcr4 are differentially expressed across 3D culture
platforms. A) Cxcl12 and B) Cxcr4 expression of mADSCs in the 3D culture
platforms shown in Figure 2. Expression is relative to 3D toroid cultures
with Mrpl19 used as the internal reference gene.
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